The genus Bacillus is a phylogenetically incoherent taxon with members of the group lacking a common evolutionary history. Comprising aerobic and anaerobic spore-forming bacteria, no characteristics are known that can distinguish species of this genus from other similar endospore-forming genera. With the availability of complete genomic data from over 30 different species from this group, we have constructed detailed phylogenetic trees to determine the relationships among Bacillus and other closely related taxa. Additionally, we have performed comparative genomic analysis for the determination of molecular markers, in the form of conserved signature indels (CSIs), to assist in the understanding of relationships among species of the genus Bacillus in molecular terms. Based on the analysis, we report here the identification of 11 and 6 CSIs that clearly differentiate a 'Bacillus subtilis clade' and a 'Bacillus cereus clade', respectively, from all other species of the genus Bacillus. No molecular markers were identified that supported a larger clade within this genus. The subtilis and the cereus clades were also the largest observed monophyletic groupings among species from the genus Bacillus in the phylogenetic trees based on 16S rRNA gene sequences and those based upon concatenated sequences for 20 conserved proteins. Thus, the relationships observed among these groups of species through CSIs are independently well supported by phylogenetic analysis. The molecular markers identified in this study provide a reliable means for the reorganization of the currently polyphyletic genus Bacillus into a more evolutionarily consistent set of groups. It is recommended that the genus Bacillus sensu stricto should comprise only the monophyletic subtilis clade that is demarcated by the identified CSIs, with B. subtilis as its type species. Members of the adjoining cereus clade (referred to as the Cereus clade of bacilli), although they are distinct from the subtilis clade, will also retain the Bacillus genus name as they contain several clinically important species, and their transfer into a new genus could have serious consequences. However, all other species that are currently part of the genus Bacillus and not part of these two clades should be eventually transferred to other genera. We also propose that all novel species of the genus Bacillus must meet minimal requirements, foremost among which is that the branching of the prospective species with the Bacillus sensu stricto clade or the Cereus clade of bacilli should be strongly supported by 16S rRNA gene sequence trees or trees based upon concatenated protein sequences. Additionally, the presence of one or more of the CSIs that are specific for these clades may be used to confirm molecularly the placement of the species into these clades. The identified CSIs, in addition to their usefulness for taxonomic and diagnostic purposes, also provide novel probes for genetic and biochemical studies of these bacteria.
INTRODUCTION
Among the most prolific and diverse prokaryotic genera, the genus Bacillus includes organisms of great medical, economic and historical importance . Among the plethora of species of the genus Bacillus are the human pathogens Bacillus anthracis, the causative agent of anthrax; B. cereus, a common cause of foodpoisoning (Koehler, 2009; Pignatelli et al., 2009; Bottone, 2010; Logan, 2012) ; B. thuringiensis, an entomopathogen often utilized in organic pesticides of great utility in agricultural processes (Sanchis & Bourguet, 2009) ; and biotechnologically important species B. licheniformis and B. subtilis, which among other things are useful in the industrial production of numerous enzymes and antibiotics (Harwood, 1992; Ravel & Fraser, 2005; Stein, 2005; ). Additionally, B. subtilis has played an important role in microbial history as a model for Gram-positive organisms and in the understanding of stress-resistant endospore formation in bacteria (Harwood, 1992; Zeigler, 2011) . Despite a great amount of research focused on species of the genus, the taxonomic organization of the group remains disordered and often confusing.
Containing one of the earliest identified and most researched organisms as its type species (B. subtilis), members of the genus Bacillus have for a long time been described as Gram-positive, rod-shaped, aerobic, sporeforming bacteria (Ash et al., 1991; Fritze, 2004; . Their ability to form spores in the presence of oxygen differentiated them from other bacteria, and this is often the criterion used for inclusion of a bacterium into the genus ). However, in conflict with their previous phenotypic definition, species that have been assigned to the genus Bacillus are quite diverse. They can be rods or cocci, motile or non-motile, aerobic, facultative anaerobes or anaerobic, organotrophic or lithotrophic, and with wide-ranging physiologies (Ravel & Fraser, 2005; . This great phenotypic diversity among the genus Bacillus hinders the ability to distinguish them from other genera of the family Bacillaceae and has resulted in the addition of a great number of species to this group that have little in common with its type species (Fritze, 2004; La Duc et al., 2004) .
Comprising species with a wide range in genomic DNA G+C content, the genus Bacillus has for some time been noted to be an evolutionarily and phylogenetically heterogeneous group (Stackebrandt et al., 1987; Ash et al., 1991; Rössler et al., 1991; ). Some efforts have been made towards dramatic reconstruction of the genus so as to rectify the issue of heterogeneity and have a more coherent taxonomic group. Primary among these was the division of 51 Bacillus species, through their 16S rRNA gene sequence, into five clusters among which a cluster consisting of B. subtilis was termed Bacillus sensu stricto (Ash et al., 1991) . The study led to the reclassification of several Bacillus species into genera such as Brevibacillus, Geobacillus, Lysinibacillus and Paenibacillus (Ash et al., 1993 (Ash et al., /1994 Shida et al., 1996; Nazina et al., 2001; Ahmed et al., 2007; . Additionally, in the past few years, phenotypic and chemotaxonomic criteria have been developed to conform to heterogeneous phylogenies for the reorganization of the genus. These efforts have led to further divisions of the genus Bacillus and the formation of newer taxonomic groups such as Alicyclobacillus, Aneurinibacillus, Gracilibacillus, Sporosarcina, Ureibacillus and Virgibacillus (Wisotzkey et al., 1992; Shida et al., 1996; Heyndrickx et al., 1998; Wainø et al., 1999; Fortina et al., 2001; Yoon et al., 2001; ). However, classifications based on these phylogenetic and phenotypic patterns fail to provide readily definable characteristics for each genus ). Thus, the genus Bacillus remains a large, unwieldy taxonomic entity comprising hundreds of organisms held together in name only but without any known defining characters that are commonly shared among and exclusive to them ). This general confusion in defining the genus is demonstrated by recent phylogenetic analyses depicting the polyphyletic branching of Bacillus species with species from other genera (Heyndrickx et al., 1998; Alcaraz et al., 2010; Klenk et al., 2011) .
Current species classifications of the genus Bacillus are based primarily on 16S rRNA gene sequence homology and on their spore-forming ability . No known features exist that may easily distinguish them from other aerobic, spore-forming genera of the family Bacillaceae. The recent availability of a large number of genomic sequences has allowed for the use of comparative analysis to answer a variety of questions on different aspects of prokaryotic biology and evolution (Gupta & Griffiths, 2002; Tettelin et al., 2008; Kazakov et al., 2009; Gupta, 2010) . With significant genomic data available for over 30 Bacillus species, we perform here a comparative genomic analysis for the identification of molecular markers in the form of conserved signature indels (i.e. inserts or deletions) or CSIs specific for the genus. CSIs are inserts or deletions within conserved regions of homologous proteins (Gupta, 1998; Gao & Gupta, 2012b) . When present in a group of related species, these CSIs act as molecular markers or synapomorphies indicative of the species relationships (Gupta, 1998 (Gupta, , 2009 Ahmod et al., 2011; Bhandari et al., 2012) . By identifying CSIs shared by various Bacillus species we attempt to define molecularly the boundaries of the genus and provide a novel, contemporary definition of the genus Bacillus consistent with the group's evolutionary history.
METHODS
Construction of phylogenetic trees. A concatenated protein tree based on amino acid sequences for 20 housekeeping and ribosomal proteins (housekeeping proteins: CdsA, FtsY, GlyA, GyrA, GyrB, HolB, KsgA, PolA, RecA, RpoA, RpoC, SecA, ThrRS, TrpRS, UvrD, 
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International Journal of Systematic and Evolutionary Microbiology 63 YgjD; ribosomal proteins: L2, L17, L18 and S4) was created for 34 species currently classified in the genus Bacillus for which complete or partial genomic sequences were available (Table 1) . Additionally, protein sequences for some other closely related species (including species from the genera Anoxybacillus, Geobacillus, Oceanobacillus, Listeria, Lysinibacillus, Staphylococcus, Exiguobacterium, Brevibacillus, Paenibacillus and Kyrpidia) and from the genus Clostridia were obtained to use as outgroups and provide context to the relationships among different species of the genus Bacillus. The protein sequences used in the construction of the tree were obtained through the NCBI protein database (http://www.ncbi.nlm.nih.gov/protein). The multiple sequence alignments for these proteins were created using the CLUSTAL X 1.83 program (Jeanmougin et al., 1998) . After concatenation of all of these alignment files into a single text file, the poorly aligned regions were removed using the Gblocks_0.91b program (Castresana, 2000) . The remaining 8732 aligned characters were used in phylogenetic analyses. Phylogenetic trees, using the neighbour-joining (NJ) and maximum-likelihood (ML) algorithms, based upon this dataset were reconstructed in a similar manner as described in earlier works (Gupta & Bhandari, 2011; Bhandari & Gupta, 2012; Gao & Gupta, 2012b) . Both these trees were based upon 100 bootstrap replicates and Clostridium difficile was used to root them.
A 16S rRNA gene sequence tree was reconstructed using the NJ method to infer the evolutionary relationships among 147 Bacillus species and 17 other closely related bacteria. The sequences of species used in the analysis were obtained from the Ribosomal Database Project (Cole et al., 2009) . After alignment in CLUSTAL X, a bootstrap consensus tree was inferred from 100 replicates utilizing the MEGA5 program (Felsenstein, 1985; Tamura et al., 2011) . All positions containing gaps and missing data were eliminated, leaving a total of 1028 positions in the final dataset. Evolutionary distances were computed using the maximum composite likelihood method, and gamma distribution (shape parameter of 4) was employed to model the rate variation among sites (Tamura et al., 2004) .
Identification of conserved signature indels. For the identification of CSIs present in Bacillus species, primary BLASTP searches were carried out on various proteins from the genome of Bacillus pumilus SAFR-032 in the non-redundant protein (nr) sequence database (Gioia et al., 2007) . Based on the primary BLASTP results, complete protein sequences of homologous proteins from representative Bacillus species and some outgroups were retrieved and aligned through CLUSTAL X (Jeanmougin et al., 1998) . The alignments were then manually examined for possible CSIs, identified as amino acid inserts or deletions of a defined size that are flanked on both sides by evolutionarily conserved regions (Gupta, 1998; Gupta & Bhandari, 2011) . A more detailed, secondary BLASTP search was then carried out on the identified sequences consisting of the indel and the conserved flanking region. The top 250 BLASTP hits were inspected for the species specificity of the identified indel. Conserved indels that were largely specific for members of the genus Bacillus were then formatted into signature files and these results are provided as figures. Note that although numerous strains of many Bacillus species were detected in BLASTP searches, all detected strains from a single species exhibited similar characteristics. Thus, in several figures, a single homologue that is a representative characteristic of the entire species is shown.
RESULTS

Branching pattern of Bacillus species in phylogenetic trees
For the visualization of the relationships among Bacillus species, phylogenetic trees based upon the concatenation of 20 housekeeping and ribosomal proteins were constructed using the ML and NJ methods (Fig. 1) . Although different in overall topology, the two trees shared some important aspects in their depiction of relationships among species of the genus Bacillus. Primarily, it was evident from both trees that the genus was not monophyletic as the shared name among the species would suggest. Rather, the genus was divided into several homogeneous and non-homogeneous clusters.
Showing high statistical support, the largest monophyletic clade observed in these trees corresponded to a ten-species 'subtilis clade'. The genome-sequenced species that are part of this clade are: B. subtilis, B. amyloliquefaciens, B. aerophilus, B. pumilus, B. atrophaeus, B. licheniformis, Bacillus sp. 586, Bacillus sp. 916, Bacillus sp. JS and Bacillus sp. BT1B_CT2 (Fig. 1) . The other large clade consisted of eight species. Within this group that we termed the 'cereus clade' are the species B. cereus, B. anthracis, B. cytotoxicus, B. mycoides, B. pseudomycoides, Bacillus sp. 7_6_55CFAA_CT2, B. thuringiensis and B. weihenstephanensis. In addition, a fivespecies 'clausii cluster' was also observed, but this group included an Oceanobacillus species in both trees. Other smaller clades of Bacillus species were observed, although they contained either fewer than three species or species from other genera branching with the genus Bacillus. While the NJ tree (Fig. 1b) does support an exclusive shared ancestry common to the subtilis and cereus clades, with the Bacillus sp. SG1 entrenched between, a monophyletic relationship among the species of the two clades was not supported in the ML tree (Fig. 1a) . Note that even when supported in the NJ tree, the relationship shared by the subtilis and cereus clades appears to be unresolved, with long branches separating the two clades.
As the concatenated protein trees were limited to the 34 Bacillus species for which genomic sequences were available, a 16S rRNA-based phylogenetic tree for 147 species of the genus was also reconstructed to discern the relative branching of the various species in the larger grouping ( Fig. S1 available in IJSEM Online). The clustering of species in the 16S rRNA tree was analogous to the branching observed in the concatenated protein analyses with the cereus and subtilis clades forming two of the largest, statistically well-supported groupings among the entire genus. Fig. 2 depicts the two clades and their closest branching neighbours in the tree. All species observed to be a part of the subtilis clade in the concatenated protein tree were observed to cluster together in the 16S rRNA tree. Apart from the species of the subtilis clade indicated in Fig.  1 , for which genomic sequences are available, the 16S rRNA tree shows an additional ten species (B. methylotrophicus, B. tequilensis, B. siamensis, B. safensis, B. mojavensis, B. altitudinis, B. stratosphericus, B. sonorensis, B. vallismortis and B. aerius) branching within the clade. The16S rRNA gene sequence for Bacillus sp. 916 was not available from either the Ribosomal Database Project site (RDP release 10, 7 December update) (Cole et al., 2009) or the NCBI database. Hence, sequence information for this is not presented in the 16S rRNA tree. However, the 16S rRNA gene sequence from this uncultured species is reported to exhibit 99.9 % similarity to the type strain of the species B. amyloliquefaciens (Wang et al., 2012) . Meanwhile, the cereus clade remained an eight-species grouping without a strongly supported association to any other Bacillus organisms (Fig.  S1 ).
The divergent branching of Bacillus species has also been observed in other phylogenetically oriented analyses ; Alcaraz et al., 2010; Klenk et al., 2011; Schmidt et al., 2011) . In a detailed study by Alcaraz et al. (2010) , where multiple trees based on different datasets of concatenated proteins and on 16S rRNA gene sequences were reconstructed, no direct relationship of the species of the cereus clade to the subtilis clade was observed. Rather, the Bacillus species formed multiple clusters, with species from Geobacillus and Oceanobacillus genera branching among Bacillus organisms. Additionally, the tree reconstructed by Schmidt et al. (2011) using 157 single-copy genes also produced a tree with an analogous topology to that observed here in Fig. 1 . these trees is the polyphyletic branching of Bacillus species with species from other genera, the consistent division of the genus' species into the subtilis, cereus and clausii clusters, and the separation of these clusters from each other and from other Bacillus species.
The clade comprising B. subtilis and closely related organisms was observed in the ML, NJ and 16S rRNAbased phylogenetic trees (Figs 1 and S1 ). The composition of this subtilis clade is consistent with the previously referenced cluster of closely related species within the . These clusters are part of a larger 16S rRNA gene tree for Bacillus and related species that is shown in Fig. S1 . Bars, 0.002 and 0.005 changes per nucleotide position.
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pseudomycoides, B. mycoides and B. weihenstephanensis have often been referred to as members of the 'cereus group' of Bacillus species (Schmidt et al., 2011) .
CSIs reflecting the monophyly of the subtilis and cereus clades
The CSIs in genes/proteins that are restricted to a given group of related species provide very useful molecular markers (or synapomorphies) for demarcating different taxonomic groups in molecular terms (Gupta, 2010; Bhandari & Gupta, 2012; Bhandari et al., 2012; Gao & Gupta, 2012a; Gao & Gupta, 2012b) . Hence, in addition to the phylogenetic analyses, a major focus of the present study was on comparative analyses of Bacillus genomes to identify CSIs in protein sequences that are specific for the species from this genus. If the genus Bacillus was a monophyletically derived association of organisms distinct from other genus-level taxonomic groupings, then similar to our earlier work on numerous other bacterial taxa (Gupta, 2010; Gupta & Bhandari, 2011; Bhandari & Gupta, 2012; Bhandari et al., 2012; Gao & Gupta, 2012a,b) , we expected to find at least some ancestrally derived CSIs that are uniquely present in all species of the genus Bacillus but absent in all other organisms. However, despite extensive work in this regard, which has resulted in the identification of several CSIs that are specific for a number of different subgroups of Bacillus species, no CSIs were identified that were uniquely shared by all Bacillus species. Some characteristics of the identified CSIs are described below.
The largest grouping of species for which CSIs could be identified was composed of the organisms of the subtilis clade. Eleven conserved indels were identified in different proteins that were specific for the sequenced members of this clade. One example of such a CSI, a 2 aa insert within the germination protein YpeB, is shown in Fig. 3(a) . The homologues of this protein from all ten sequenced species of the subtilis clade exclusively contain 2 aa additional to all other organisms. This indel is classified as an insert specific for the subtilis clade due to the absence of the two residues in all organisms outside of the indicated clade. A second indel, shown in Fig. 3(b) , depicts a 2 aa deletion in the glucose kinase protein that is also specific for the same group of species. Other similar CSIs identified to be specific for these species are listed in Table 2 and sequence information for them is shown in Figs S2-10. All of these CSIs are specific for the subtilis clade of species as they were not present in any other bacteria in the top 250 BLAST hits. A parsimonious explanation is that these indels are the result of genetic events which occurred in the common ancestor of the subtilis clade. Hence, these conserved signature indels distinguish the species of this clade from all other species and provide us with molecular evidence for their monophyletic relationship.
Apart from the subtilis clade, the cereus clade was the only other monophyletic grouping of the genus containing more than three species and comprising entirely Bacillus organisms. Six CSIs supportive of the monophyly of the eight-species cereus clade are described in Table 3 . Two of these indels are shown in Fig. 4 . The first of these is a 1 aa insert in the DNA topoisomerase I protein while the other is a 1 aa deletion in carbamoylphosphate synthase. In both cases, along with the 1 aa deletion in a hypothetical protein (Fig. S11) , the CSIs depict molecular signatures that allow for the differentiation of this cladal group from all other organisms based on the presence or absence of these indels. Additionally, some CSIs have been identified that were largely specific for the cereus clade but were also observed to be present in one or two unrelated or distantly related species. For example, Fig. S12 depicts a 1 aa insert in the malate dehydrogenase protein of the cereus clade of species. This CSI was also present in a few eukaryotic species but no other bacteria. In two other CSIs presented in Figs S13 and S14, one or two species outside of the genus Bacillus, unrelated to the cereus clade, were also observed to have a similar CSI to the cereus clade species. An explanation for this is that lateral gene transfer may have caused the presence of a similar CSI in unrelated organisms (Gupta & Bhandari, 2011; Bhandari et al., 2012) . Another possibility is that independent genetic events led to convergent molecular characteristics. We do not distinguish between the two possibilities here. Nevertheless, as no other species from the genus contain the CSI, the indels in these cases are still useful in distinguishing the eightspecies cereus clade from all other analysed species currently classified into the genus Bacillus.
In addition to these CSIs that are specific for the subtilis and cereus clades, a few CSIs that were specific for other smaller clusters (generally of 2-3 species) of Bacillus species were also identified. The work on identification of such CSIs is not yet complete; hence, the results for them are not shown here. However, importantly, no CSIs were identified in the present study that exclusively supported a specific relationship between the cereus and subtilis clades. Additionally, contradictory CSIs suggesting alternative groupings of species from the cereus or subtilis clades to other Bacillus species were also not found. Thus, the CSIs provide independent evidence to distinguish the subtilis and cereus clades and support their respective monophyletic constitutions differentiating them from other members of the genus.
DISCUSSION
The genus Bacillus as currently recognized is a large heterogeneous group consisting of highly diverse organisms. The misclassification of species in the genus has historically been a problem resulting in repeated redefinition of the genus and reorganization of its constituent species ). This remains a concern, with hundreds of organisms currently placed into the group with few, if any, characteristics that unite them as a distinct taxonomic entity (Fritze, 2004; ). Due to a lack of strict criteria, genetic or otherwise, it seems that the genus Bacillus has become a provisional designation for spore-forming species with amorphous associations to its type species . Phylogenetic analyses based on 20 well-conserved housekeeping and ribosomal proteins were carried out to determine the evolutionary relationships among organisms of the genus (Fig. 1) . The diversity of the group is reflected in these phylogenetic trees, which depict several clusters of Bacillus species branching independently from each other (Figs 1 and S1 ). As also observed in other studies Alcaraz et al., 2010; Schmidt et al., 2011) , the trees depict some Bacillus species as branching with organisms from other genera, thus painting a polyphyletic picture of the group.
In addition to the phylogenetic analyses, comparative genomic analysis was performed on proteins from Bacillus species for the identification of molecular markers that are specific for the species from this group. As mentioned earlier, if the genus Bacillus was a monophyletically derived association of organisms distinct from other genus-level taxonomic groupings, we would expect to find ancestrally derived CSIs that would be present in all Bacillus species but absent from all other organisms (Gupta, 1998; Bhandari et al., 2012; Gao & Gupta, 2012a) . However, no such marker was identified to link the various species presently placed in the taxonomic group. This fact, along with the polyphyletic phylogenetic results, highlights the deficiency in evolutionary-taxonomic coherence for the genus. In other words, without evidence supporting the monophyly of the genus Bacillus, along with the presence of molecular and phylogenetic support for polyphyly, species of the group probably represent multiple genuslevel divisions rather than the single genus in which they are currently placed.
In concert with the observed phylogeny in Fig. 1 , recent prognoses on the state of the genus have identified species clusters, including the 'subtilis group' and the 'cereus group', which branch separately from other Bacillus species (Bavykin et al., 2004; Wang et al., 2007; Alcaraz et al., 2010; Schmidt et al., 2011) . The two clusters are easily differentiated from each other and from other Bacillus based on differences in 16S rRNA-and protein-based phylogenetics and genome composition (Seki et al., 1978; Wunschel et al., 1995; Alcaraz et al., 2010 ). Yet, there remains a reluctance to redefine the genus with concerns that discovery of intermediate organisms may prevent a satisfactory or lasting division of these clusters from the larger genera ). This is understandable, as previous studies could not provide definitive criteria to separate clusters from the genus. However, 11 molecular markers in the form of CSIs have now been identified that are specific for B. subtilis and its phylogenetically related group of species we labelled the 'subtilis clade' along with six CSIs specific for the 'cereus clade' comprising B. cereus and its associated species (Fig. 1 , Tables 2 and 3 ). The subtilis and cereus clades were the two largest coherent monophyletic divisions comprising solely Bacillus species that were supported by CSIs. Additionally, significant CSIs supporting the unity of the subtilis clade Fig. 3 . Conserved signature indels in protein sequences that are specific for the subtilis clade. Partial sequence alignments of conserved region within the germination protein YpeB (a) and the glucose kinase protein (b) showing a 2 aa insert and a 2 aa deletion, respectively, that are specific for all ten species of the subtilis clade of Bacillus species for which homologues of the protein were identified. The dashes (-) in this and all other alignments indicate identity with the corresponding amino acid on the top line. The position of the indel-containing conserved region in the query sequence is noted above the sequence. The query sequence (shown in the top line) was used to search for the best 250 BLASTP hits. The taxonomic divisions of significance are labelled along with the respective species of the group containing the CSI (e.g. 0/250 indicates that 0 species of the labelled group of species contain the CSI out of 250 for which a protein homologue was discovered through BLASTP analysis). Only representative species are shown in the alignments, but no other species in the indicated number of BLAST hits contained the indel (thus, 0/250). GenBank identifier numbers for each protein homologue are also provided between the species name and sequence alignment columns. In conjunction with phylogenetic studies, various CSIs identified in this study provide us with reliable molecular means for the reorganization of the current Bacillus group into a more coherent taxonomic entity. Given that B. subtilis is the established type species of the genus, and based on the identification of several molecular markers depicting the subtilis clade as a monophyletic group, we propose to circumscribe the boundaries of the genus 'Bacillus sensu stricto' to the subtilis clade of species as depicted in Figs 1 and 2. Phylogenetic studies and several CSIs identified in this work that are specific for the cereus clade provide evidence that the members of this clade have an autonomous constitution in comparison with the 'Bacillus sensu stricto' clade. Hence, the species from the cereus clade would normally be transferred to a new genus that is distinct from the clade we describe here as 'Bacillus sensu stricto'. However, the cereus clade contains several important organisms including B. anthracis, the causative agent of anthrax and B. cereus, a major cause of food poisoning, that are major human pathogens (Koehler, 2009; Pignatelli et al., 2009; Bottone, 2010; Logan, 2012) . Hence, the transfer of these species to a new genus, and their consequent name change, could have consequences endangering human health or life. In view of these considerations and according to the Rule 56a (5) of the International Code of Nomenclature of Prokaryotes, the cereus clade of species is retained within a larger 'Bacillus' clade and we suggest that this clade should be referred to as the ''Cereus clade of bacilli'' to recognize its distinctness from the Bacillus sensu stricto clade. The species that are part of the Cereus clade of bacilli are depicted in Figs 1 and 2.
Apart from the Bacillus sensu stricto clade and the Cereus clade of bacilli, we propose that all other species that currently bear the name Bacillus should be transferred to other genus-level groups. The CSIs in various proteins, in conjunction with phylogenetic studies, may again prove very useful in reliably demarcating different monophyletic clades of these species and their assignments to either existing or new genera. Further, to limit the placement of novel species into the genus Bacillus, we propose that all novel Bacillus species must meet minimal requirements, foremost among them being that the branching of the prospective species with the Bacillus sensu stricto clade or the Cereus clade of bacilli should be strongly supported by the 16S rRNA gene sequence tree or trees based upon concatenated protein sequences. Additionally, the presence of one or more of the CSIs that are specific for these two clades of species may be used to confirm molecularly the placement of the species into the appropriate clade. To prevent inflation of this genus with more disparate organisms, it is recommended that any novel species related to other species outside the Bacillus sensu stricto clade or the Cereus clade of bacilli should be reclassified into a different genus along with its known relatives.
Lastly, it should be noted that all of the CSIs described in this study are present in conserved regions of the genes/proteins. Hence, degenerate PCR primers based upon them can be easily designed to confirm the presence or absence of these group-specific CSIs in species for which complete genomes are not available (Griffiths et al., 2005; Gao & Gupta, 2005) . The sequence regions for various proteins containing these CSIs shown in different alignment figures can also be blasted against the genome sequence data obtained by shotgun sequencing to ascertain the presence or absence of these diagnostic molecular signatures in different species. Similarly, the presence of these CSIs can also be utilized as diagnostic molecular characters for identification of unknown species in metagenomics experiments and for characterization of recently discovered species' relationship to the subtilis or the cereus clades of species. Earlier work on conserved signature indels such as those described here has also shown that these CSIs are essential for the group of organisms where they are found (Singh & Gupta, 2009) . Hence, the understanding of cellular functions of CSIs that are specific for the subtilis or the Cereus clades of bacilli may provide insight into certain biological aspects or characteristics definitive for the respective groups. V. Bhandari and others
